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EgyptAbstract The Wadi Ghadir area, Central Eastern Desert, Egypt is covered by a sequence of
Pan-African basement rocks comprising allochthonous ophiolitic rock assemblage thrust over Gabal
Zabara gneiss. The ophiolite sequence comprises layered gabbro, pillowed basalts, island arcmetavol-
canics and low grade metasediments. These rocks are intruded by syn-to late tectonic intrusions fol-
lowed by basic and acidic dyke swarms. The processed digital data of Landsat 7 ETM+ covering the
study area have been used. Several products of Landsat-7 ETM+digital data such as true color image
(3, 2 and 1 in RGB), false color composite images (7, 4, 2 and 7, 5, 1 in RGB), principal component
(PC2, PC1, PC4), band rationing images (5/1, 3/2, 7/2), (5/3, 4/2, 3/1) and (3/1, 4/2, 5/7) are generated.
Products of image processing improve lithological discrimination specially of serpentinites talc
carbonate rocks and different varieties of intrusive rocks. Supervised and unsupervised classiﬁcations
have been used to recognize and discriminate between the different rock units.
The obvious color contrast of ratio images enabled easier delineation of major structural features
characterizing the mapped area. NNW-SSE striking, easterly dipping, thrust faults are located in the
western part within the study area. They are associated with asymmetrical folds whose axial planes are
parallel to these thrusts. Other NW folds affecting gabbro masses and me´lange rocks could easily be
delineated and veriﬁed during ﬁeld observations. Two sets of shear zones of NW andNE trends affect
the mapped area. Lineament analysis revealed the prevalence of two main structural trends NW-SE
and NE-SW.
 2016NationalAuthority forRemote Sensing and Space Sciences. Production and hosting byElsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).1. Introduction
The basement rocks of Egypt are characterized by four main
rock sequences, including a gneiss assemblage that comprises
the core complexes, an island arc assemblage; an ophiolite
344 M. Kamel et al.assemblage; and syn- and post tectonic intrusions (AbdNaby
et al., 2000; AbdNaby and Frisch, 2002).
Wadi Ghadir – Gabal Zabara area is located in the base-
ment complex of the southern part of the Central Eastern
Desert of Egypt, approximately 28 km southwest of Mersa
Alam city on the Red Sea coast, to the southern side of Idfu
– Marsa Alam asphalt road. It is conﬁned by the following
coordinates: Latitudes 24420 0000 and 24540 00‘‘N, Longitudes
34400 0000 and 34570 0000E (Fig. 1).
The main objective of the present work is to study the
application of modern techniques in lithologic and structural
mapping using remote sensing data of the Wadi Ghadir –
Gabal Zabara area, Central Eastern Desert of Egypt by the
application of available up-to-date structural analysis pro-
grams based on ﬁeld observations, remote sensing data and
laboratory work.2. Geological setting
Wadi Ghadir-Zabara area covers about 655 km2. Basement
rocks of the area include Precambrian metamorphic and
igneous rocks. Based on remote sensing data, ﬁeld observa-
tions, and structural studies; the area under consideration is
differentiated into two tectonic units, the lower unit is largely
composed of gneisses and the upper unit is composed ofFigure 1 Map of basement outcrops in Egypt showingophiolitic me´lange, these rocks are intruded by syn-tectonic
granite, late tectonic gabbro, late tectonic granite and dykes.
Each tectonic unit is characterized by its own lithologic fea-
tures, metamorphic grade and style of deformation. The gen-
eral characters of mappable rock units in the study area are
summarized and arranged based on their ﬁeld relations and
available published data starting with the oldest as follows:
Zabara granite gneisses occupy the southwestern part of the
study area. They comprise granite gneiss intercalated with
bands or lenses of hornblende gneiss and minor migmatites,
together with cataclased granite, mylonites and schists (Fig. 2).
The complete succession of the ophiolitic me´lange occupies
the central part of the study area and extends north and south
beyond the mapped area.
The serpentinite constitutes the lower most unit of the
ophiolite sequence of Wadi Ghadir. Serpentinite relics occur
as greenish and brownish gray spots embedded in the dense
buff-colored talc carbonate groundmass (Fig. 3A and B).
Metagabbro is bounded by the me´lange and scattered in dif-
ferent locations in the study area, the largest metagabbroic
mass occurs at Gabal DOB Neiain south central part of the
map and extends NW to Wadi Saudi.
The sheet dykes are represented in the study area by meta-
diabasic rocks. Metadiabases show variation in grain size from
ﬁne to medium grained and are greenish-gray with yellowish
weathered surfaces.the location of the study area. Inset map of ANS.
GabalZabara
Figure 2 Field photograph showing Gabal Zabara granite
gneiss.
Figure 4 Assortment of pillows of different forms and sizes
ranging in size from 30 to 140 cm in diameter.
Utilization of ETM+ Landsat data in geologic mapping 345The pillow lava represents the uppermost unit of the ophio-
lite sequence in a Wadi Ghadir area. The pillowed basalts are
greenish or brownish gray and they are rich in vesicles (Fig. 4).
They are located in three localities; namely in central Wadi
Ghadir, Wadi Saudi and Wadi El-Beda.
Island arc metavolcanics occur as thick layered and foliated
sequence of grayish green to dark gray color. Island arc
metavolcanics consist of meta-andesites, metadacites, metadia-
base, tuff, with minor metabasalts and actinolite schist
(Figs. 5a and b). The me´lange of the Wadi Ghadir area consists
of geometrically and dimensionally variable obdurate frag-
ments ﬂoating in a pervasively ﬁne grained matrix.
Three phases of intrusive activity are recorded. Gray, mas-
sive syn-tectonic granite bodies are localized along Wadi Gha-
dir/Wadi Lawi in the eastern part of the area. It is medium
grained, gray color and massive (Fig. 6). The outcrops of these
Syn-tectonic granites from moderate to the relatively high
relief country. Syn-tectonic granite is dissected by basic dykes
and they are dissected by a number of quartz veins.
The late tectonic gabbro occupies the southeastern parts of
the mapped area and covers an area of about 6 km long and
2.5 to 5.5 km wide (Fig. 7).
The late tectonic granite occupies the extreme northeastern
part of the area and is cropping out at the north of Wadi
Ghadir. It is characterized by its high relief, pink to red in
color, (Fig. 8). The contacts between the late tectonic granite
and syn-tectonic granite masses are sharp, where the former
encloses several xenoliths from the latter. They also send
off-shoots in the surrounding rocks.A
Figure 3 (A) Field photograph showing serpentinites and talc–car
metagabbro.In the area under investigation, most rock units are tra-
versed by numerous dyke swarms ranging from basic to acidic
in composition. The most prominent dykes are those on the
extreme east of the study area. Dyke swarms are conspicuous
in Wadi Ghadir area, along Wadi El-Beda and Wadi Saudi.
The dykes dip with different inclination angles ranging from
vertical to horizontal. Dykes in this area are generally moder-
ate in thickness commonly ranging from some centimeters to a
few meters (Fig. 9).
3. Materials and methodology
The area ofWadi Ghadir–Gabal Zabara is covered in one scene
of Landsat -7 Enhanced Thematic Mapper plus (ETM+) data
scene number (path/raw = 173/043) consisted of nine bands.
The acquisition date of this data is 10 September 2000.
Landsat 7 ETM+ (Enhanced Thematic Mapper plus)
images were digitally processed and analyzed using ArcGIS
10, ILWIS 3.7 software (Koolhoven et al., 2010), ERDAS
Imagine 9.2 software packages (2008) and ENVI 4.8. Arc
GIS was used mainly for the GIS interpretation (the statistical
analyses of lineaments) and reprojection of imagery.
Sequential image processing algorithms are summarized in
(Fig. 10). The used Enhanced Thematic Mapper data cover the
study area were digitally processed through ERDAS Imagine
9.2 software to improve the quality of the raw data. Subsetting
and band selection were used to improve the ﬁnal products forB
bonates associations. (B) Field photograph showing layering in
a b
Figure 5 (a) Field photograph showing the sharp contact between syn-tectonic granite ‘‘Gr” and metavolcanics ‘‘Mv”. (b) Field
photograph showing the vertical primary bedding (S1) within the metasedimentary succession.
Figure 6 Field photograph showing the massive syn-tectonic
granite eastern Wadi Ghadir.
Figure 7 Field photograph showing the late tectonic gabbro.
Figure 8 Field photograph showing the late tectonic granite cut
by basic dyke.
Figure 9 Cross cut relationship between basic and acidic dykes
in Wadi Ghadir.
346 M. Kamel et al.the visual interpretation. True Color Composites (TCC), False
Color Composite (FCC), Principal Components Analysis
(PCA), Color Ratio Composite (CRC), supervised and unsu-
pervised classiﬁcation techniques were used to discriminatebetween the different rock types and delineate structural ele-
ments within the study area.
Image subsetting reduces the processing time and allows for
behavior trends within the techniques.
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Figure 10 Schematic diagram of the methodology used in the present study.
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4.1. Lithologic interpretation of remotely sensed data
Remote sensing integrated with GIS is widely used in mapping
as a lithological Discrimination technique.
4.1.1. False color composite (FCC)
Two false color composites (FCC) are chosen to be the best
images that can be used in discrimination between different
types of rocks in the area. These false color composites are
(7, 4 and 2) and (7, 5 and 1) in red, green and blue respectively.
In fact, the actual color formed by mixed red and blue col-
ors is cyan color. The FCC (7, 4 and 2) (Fig. 11) have been
used in discrimination between the different rock units. The
granitic rocks are located in the northeast part of the study
area indicated by pale brown color in FCC 7, 4 and 2 RGB,
because of the abundance of quartz and feldspar, about
(75%) of the total rock. These minerals give high reﬂectance
in band 7 and 4 that displayed in red and green, so, the appear-
ance of granitic rocks is brown. The two types of syn- andlate-tectonic granites are discriminated easily with the FCC
7,4 and 2 RGB. The pale brown color in granitic rock is graded
according to the quartz percentage and type of plagioclase,
which syn tectonic granite rocks were delineated and identiﬁed
by their light brown, while the late tectonic granitic rocks
appear as brown to reddish brown color.
Metagabbro rocks are composed mainly of plagioclase and
hornblende together with minor amounts of quartz. These
minerals have high reﬂectance in bands 7 and 2, so that the
metagabbro rocks are displayed in brownish blue color.
Metavolcanic rocks (mainly metabasalts) are displayed on
these FCC images by brownish blue color. That is because
the metavolcanics are mainly composed of plagioclase, Qz,
actinolite and Iron oxides, these minerals have high reﬂectance
in band 7, so that, they appear in reddish brown color.
The serpentinite rocks are displayed by dark blue color,
while metavolcanic rocks indicated by magenta color and gab-
bro rocks indicated by magenta violet color. By these FCC talc
carbonate and granite rocks are shown in very near colors.
The second FCC is (7, 5 and 1), Fig. 12 proved to be also
useful in the discrimination between different rock units. The
serpentinite rocks (Sp) are displayed as blue color graded
SMg
Mv 
G Lg
S
S
Mv 
Lg
Sg
Figure 11 Landsat 7 ETM+ false color composite image (bands 7, 4, 2 in R, G, B). Gneiss (Gn), serpentinites (Sp), metagabbroic
(Mgb), metavolcanic (Mv), syn-tectonic granite (Sgr), late tectonic gabbro (Lgb), late tectonic granite (Lgr).
Sp Mgb 
Mv 
Gn Lgb 
Sp 
Sp 
Mv
r 
Sgr
Lg
Figure 12 Landsat 7 ETM+ false color composite image (bands 7, 5, 1 in R, G, B). Gneiss (Gn), serpentinites (Sp), metagabbroic
(Mgb), metavolcanic (Mv), syn-tectonic granite (Sgr), late tectonic gabbro (Lgb), late tectonic granite (Lgr).
348 M. Kamel et al.according to the types and the mineral composition of rocks.
The metavolcanic rocks are displayed by dark yellow color,
while gabbro rocks are indicated by blue violet color. The
granitic rocks in the present study are indicated by light yellow
color.
4.1.2. Principal component analysis (PCA)
The PCA transformation was computed for the ETM+ data
to produce the best PCA for the discrimination between rock
units in the study area. These PCAs were assigned to thedisplay colors (Red, Green and Blue) respectively to form
PC–color composite image. The PCA (2, 1 and 4) is good to
differentiate between the different rocks assemblage of the area
as it comprises most of the data reﬂecting lithological
variations. This image proved to be signiﬁcant for rock dis-
crimination as well as structural delineation where each rock
type has its characteristic color (Fig. 13).
The lithologic interpretation of different rock units in the
study area according to the spectral characteristic PC
(2, 1 and 4) can be used for detection and recognition more
5
Sp
Mg
Mv 
Gn
n
Lgb 
Sp 
Sp 
Mv 
Lgr 
Sgr 
Figure 13 Principal component analysis of Landsat 7 ETM+ image (PC2, PC1, PC4 in R, G, B) of the study area. Gneiss (Gn),
serpentinites (Sp), metagabbroic (Mgb), metavolcanic (Mv), syn-tectonic granite (Ggr), late tectonic gabbro(Ygb), late tectonic granite
(Pgr).
Utilization of ETM+ Landsat data in geologic mapping 349easily than the FCC. So, some rocks in the study area detected,
and appeared in the PCA process can be recognized easer than
the FCC process, the granite rocks are displayed by cyan color
while serpentinite rocks are indicated by the blue color. The
metavolcanic rocks are displayed by a yellow color, while
Gabbro rocks are indicated by magenta color (Table 1).
4.1.3. Band ratio images
Several workers dealt with the lithological mapping of
Egyptian basement rocks using band ratio images, among
them Sultan et al., 1987; Gad and Kusky, 2006; Sadek, 2004,
2005; Sadek and Hassan, 2009, 2012; Amer et al., 2010;
Aboelkhair et al., 2010; Madani and Emam, 2011; Zoheir
and Emam, 2012; Tolba and Kamel, 2014).
The selection of bands that will be used in the present study
depends on the spectral characteristics of the material relative
to their surroundings (Thurmond et al., 2006) to generate band
ratios that can be useful for highlighting certain features due to
Digital Number (DN) values of corresponding pixels in a band
with low total reﬂectance (Jensen, 1996).
The ETM+ band ratio 5/1, 3/2 and 7/2 in R, G and B
respectively, is considered the best band ratios to discriminate
serpentinite from other surrounding rocks. The serpentine
rocks mainly composed of chrysotile and bastite minerals
which have more brightness in 3/2 than 5/1 and 7/2; so, the
color of serpentines display by green color according to plotted
of 3/2 ratio in R, G and B (Fig. 14A). Field check shows the
serpentinite slabs masses appear with bright green color
(Fig. 14B).
Another false color composite ratio image 3/1, 4/2 and 5/7
displayed in R, G and B respectively (Fig. 15A), proved to be
more effective in detection of the granitic rocks from another
country rocks in the present study.
Granitic rocks and granitic gneisses, with reduced abun-
dance of opaque minerals have the highest spectral reﬂectance
contrast in the band ratio. For this reason the two types ofgranitic rocks and granitic gneiss are displayed in green color.
The difference between the three varieties of granitic rocks is
based on the ratio of 4/2 (degree of green color). Accordingly
the late tectonic granites are displayed in a yellowish green
color, the syn-tectonic granite shows pale green color and
the granite gneiss is indicated by green color.
The granitic rocks are classiﬁed into syn-tectonic granite
(Fig. 15B) and late tectonic granite (Fig. 15C). Field veriﬁca-
tion of granitic rock exposures yielded good matching of the
classiﬁcation of granitic rocks delineation according to their
spectral characteristics, the ﬁeld relationships and petrograph-
ical analysis.
The talc-carbonate rocks are characterized by relatively
higher reﬂectance in common bands. Thus, using 5/3, 4/2
and 3/1 band ratio combinations displayed red, green and blue
respectively (Fig. 16A).
One of the mis-interpretation of the FCC band ratio
Landsat images was the confusion between light colored
talc-carbonate bodies and granitic masses. Band ratio
images 5/3, 4/2 and 3/1 RGB succeeded in getting the con-
trast between light orange color for talc carbonate while the
granites as displayed in cyan color according to spectral
characteristic. Fig. 16B greatly enhanced talc-carbonate
rocks of Gabal Ghadir and Gabal Al-Anbaut exhibit light
orange color, very well discriminated from the granite rocks
in the eastern part of the study area. The different process-
ing of the attempts of the ETM+ data is summarized in
Table 1. The rocks of the study area are classiﬁed according
to their color appearance of the products of image process-
ing techniques.
4.1.4. Image classification techniques
Classiﬁcation is the process by which pixels having similar
spectral characteristics are consequently assumed to belong
to the same class that can be identiﬁed and assigned a unique
color.
Table 1 Summary of the results of false color composites, principal component and
band ratio processing in the study area.
Rock type
FCC PC Band ratio
7,4,2 7,5,1 2,1,4 5/1,3/2,7/2 3/1,4/2,5/7 5/3,4/2,3/1
Wadi deposits Gray Light cyan Green ---- ----- -----
Late tectonic 
granite
Pale 
brown
Light 
yellow White ----
Yellowish
green Cyan
Late tectonic 
gabbro
Magenta 
violet Purple
Light 
magenta Blue ---- Magenta
Syn-tectonic 
granite
Light 
brown Violet Light blue ---- Pale green Cyan
Metavolcanics Light magenta
Dark 
yellow Yellow Cyan ---- Magenta
Metagabbro Magenta violet
Dark 
Magenta Violet ---- ---- ------
Talc carbonate Light yellow
Light 
yellow
Light 
yellow White ----
Light 
orange
Serpentinites Cyan Cyan Blue Green Blue ----
Gneisses Light orange 
Cyan 
orange magenta Light blue
Light 
green
Orange 
yellow
350 M. Kamel et al.Most common classiﬁers operate on the basis of color
alone, in the sense that they operate on the individual pixel
values at each wavelength. Each pixel is assigned to a class,
feature or cover type based on its own spectral properties,
without any consideration of the surrounding pixels. These
per-pixel classiﬁers can be divided into two main groups, the
unsupervised and supervised classiﬁers.
4.1.4.1. Unsupervised classification. Unsupervised classiﬁcation
demands no prior knowledge of the image, but effects a sub-
division based on the intrinsic properties of the digital data.
Unsupervised classiﬁcation is a technique that groups the pix-
els into clusters based upon the distribution of the digital num-
bers in the image.
The unsupervised classiﬁcation is applied where the maxi-
mum number of classes is 12 because there are more than 10
rock types cropping out in the study area. On the other hand,
the maximum number of iterations is 50 and the threshold
value is 0.95 to get the unsupervised classiﬁcation for the study
area (Fig. 17).
4.1.4.2. Supervised classification. The supervised classiﬁcation
involves a considerable amount of input from the image anal-
ysis and knowledge of the types of surface that are found in the
study area. This information can be obtained from the
obtained maps or from the actual ﬁeld works where different
surface classes are identiﬁed and their geographical positions
can be noted. The classiﬁcation process involves a number of
steps.For lithological mapping purposes in the present study the
supervised classiﬁcation is applied (Fig. 18), whereas the train-
ing samples are collected using Area Of Interest (AOI) tools.
Region grow AOI tool is used for more precision in collecting
training samples. More than 15 training samples for every rock
unit from different localities were collected. The maximum
Likelihood parametric rule is used because it is more precise
mean to get supervised classiﬁcation of different rock types.
The spectral signature for all samples of different rock units
are determined (Table 2) and (Fig. 19). Supervised classiﬁca-
tion can discriminate between the different rocks, Granite
gneiss rocks appear as pink color, serpentinites are displayed
in green color, while talc carbonate appears in light green
color, metagabbros are characterized by purple color and
metavolcanics are displayed in yellow color. Me´lange appears
blue color and late tectonic gabbro is displayed in sky blue
color. Granites are differentiated into two types; syn-tectonic
granites characterized by red color and late tectonic granites
appear as orange color.
4.2. Accuracy assessment
Accuracy assessment is important to evaluate remote sensing
derived ﬁnal product. The purpose of assessment is important
to gain a warranty of classiﬁcation quality and user conﬁdence
on the product (Foody, 2001). Several researchers had dis-
cussed different methods to analyze the accuracy of remotely
sensed data (Congalton and Green, 1999; Koukoulas and
Blackburn, 2001; Kamel and Abu El Ella, 2016). In this
AB 
Figure 14 (A) Landsat ETM+ band ratio image 5/1, 3/2 and 7/2 in R, G and B, respectively. (B) Field photograph showing Gabal
Lewiwi serpentinite.
Utilization of ETM+ Landsat data in geologic mapping 351research, to assess the accuracy of classiﬁcations, the confusion
matrix and some common measures derived from this matrix,
namely, overall accuracy, user’s accuracy, producer’s accuracy
and kappa coefﬁcient were used. An error matrix is a simple
cross tabulation of the mapped class label against that
observed in the ground or reference data for a sample of cases
at speciﬁed locations (Campbell, 1996; Foody, 2002).
Normally, accuracy results are derived from supervised or
unsupervised or both techniques. The accuracy assessments of
supervised technique were made through a confusion or error
matrix. A confusion matrix contains information about actual
and predicted classiﬁcations done by a classiﬁcation system.
The pixel that has been categorized from the image was com-
pared to the same site in the ﬁeld. Reference data are selected
from the selecting samples in each category follows the stratiﬁed
random sampling strategy. For each class in the classiﬁcation
map 7–10 samples are taken as reference data. This amount
of agreement is generally considered a good statistical return.
The supervised classiﬁcation technique indicates a good agree-
ment between the thematic map generated from Landsat 7
ETM+ image and reference data. The accuracy of the litholog-
ical map was assessed using the validation pixels and the results
were summarized using a confusion matrix (Table 3).According to accuracy assessment techniques; the results
indicate an overall accuracy of 75.17% and the kappa value
was 0.7131, which indicates a good agreement between the-
matic maps generated from an image and the reference data.
Apart from the user’s accuracy of 48.18 and 41.39% for
me´lange and Talc carbonate rocks respectively, the user’s
and producer’s accuracies of the other classes are all above
60% (Table 3).
The enhancement techniques of Landsat ETM+ data
applied in the present study integrated with observation ﬁeld
studies of Ghadir-Gabal Zabara area, allow the discrimination
of basement rocks of the Neoproterozoic Arabian Nubian
Shield. The remote sensing technologies display better tool
for enhancing and improving geological and structural
mapping. Landsat ETM+ 7 remotely sensed data proved to
be a potentially rich source of inherited geological informa-
tion. Principal Component Analysis (PCA), band ratios and
composite images have played a vital role in discriminating
and identifying different rock types. FCC band ratio images
demonstrate better effectiveness in mapping different rock
units in the study area. This band ratio image 5/1, 3/2 and
7/2 in RGB is suitable in recognizing and differentiating the
serpentinite rocks from other basement rocks in the study area.
6B C 
A
Figure 15 (A) Landsat ETM+ band ratio image 3/1, 4/2 and 5/7 in R, G and B, respectively, image illustrating the late tectonic granite
rocks display yellow color, syn-tectonic granite shows yellowish green color and granite gneiss shows green color. (B) Field photograph
showing syn-tectonic granitic rocks. (C) Field photograph showing late tectonic granitic rocks.
A
Gabal Al-Anbaut GabalGhadirB
Figure 16 (A) Landsat ETM+ band ratio image 5/3, 4/2 and 3/1 in R, G and B, respectively, showing talc carbonate light orange color
while the granitic rocks are cyan color. (B) Field photograph showing Gabal Al-Anbaut and Gabal Ghadir talc carbonate rocks.
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Figure 17 Unsuprevised classiﬁcation of the study area.
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Figure 18 Supervised classiﬁcation of the study area.
Utilization of ETM+ Landsat data in geologic mapping 353Field observations in Wadi Ghadir-Gabal Zababra area,
aimed at mapping the different rock units and contacts. The
ﬁeld data are subsequently used together with the results of
visual interpretation of the different ETM+ images to prepare
a detailed lithological map for theWadi Ghadir Gabal Zababra
area. Based on the enhancement of remote sensing data results,
it is conﬁrmed that the ETM+ False Color Composites
(7, 4 and 2). Principal Component Analysis (PC2, PC1 and
PC4); and band ratio image (3/1, 4/2 and 5/7) and other band
ratios are powerful in distinguishing and discriminating the
subtle differences between the various rock units in the study
area. The map (Fig. 20) shows differences in the distribution
of some rock units and their contacts in comparison to the pub-
lished geologic maps of El-Bayoumi (1980) and Conoco (1987)
(Fig. 21) and updated map of Hassan (1998).4.3. Structural interpretation of remotely sensed data
4.3.1. Lineament extraction
Lineament map is an important part of structural geology and
they reveal the architecture of the underlying rock basement
(Ramli et al., 2010). Lineament extraction involves both man-
ual visualization and automatic lineament extraction through
softwares such as PCI GeoAnalyst, Geomatica, Canny algo-
rithm (e.g. Marghany and Hashim, 2010) and Matlab (e.g.
Rahnama and Gloaguen, 2014). Recently, Mwaniki et al.,
2015 studied and compared the performance of Landsat 7,
ETM+ and Landsat 8, OLI in mapping geology and visualiz-
ing lineaments in the central region Kenya, which has been
successful with Landsat 8 performing better at discriminating
more lithological units compared to Landsat 7. As well as they
Table 2 Spectral reﬂectance of rock units as measured from Landsat ETM+ image.
Rock name ETM+ Band 1 ETM+ Band 2 ETM+ Band 3 ETM+ Band 4 ETM+ Band 5 ETM+ Band 7
Wadi deposits 77.97 74.38 90.23 62.03 79.84 75.86
Late tectonic Granite 70.90 73.82 103.45 80.15 110.28 94.61
Late tectonic gabbro 64.14 58.28 67.27 47.62 66.37 66.37
Syn-tectonic Granite 65.37 58.73 69.11 49.19 62.80 59.69
Me´lange 69.35 64.80 76.79 54.15 65.67 53.82
Metavolcanics 62.14 59.82 73.39 54.38 86.96 73.21
Metagabbro 64.38 61.10 73.10 53.01 71.54 60.49
Talc carbonate 65.36 64.91 83.30 64.29 98.21 75.00
Serpentinites 62.36 54.40 61.48 42.25 46.04 37.36
Granite Gneisses 61.76 57.97 69.45 52.25 75.55 74.34
354 M. Kamel et al.concluded that, the extraction of lineaments depended on the
ability to enhance texture which was better in band ratios
5/1 and 6/2 for Landsat 7 and 8 respectively.
In Zabara area, lineaments have a strong topographic
expression, and can readily be detected on satellite images.
Landsat ETM+ image analysis was performed using the
software package ILLWIS 3.6 (Koolhoven et al., 2010).
Lineaments are visible in several band combinations,
but a false-color image using bands 7, 4 and 2 (Red–
Green–Blue) was found most suitable for the lineament
analysis.
First, the area under investigation was subdivided into four
domains (northeastern, southeastern, southwestern and north-
western) each being 165 km2, for the identiﬁcation of possible
local variations in the structural behavior. The study area is
characterized by rectilinear and curvilinear lineament
structures. A total number of 3813 lineaments with a total
length of 2209.4 km was detected and mapped (Fig. 22).
The azimuth frequency diagrams of the analyzed linea-
ments for the four domains and the whole area are shown in
Fig. 23 the lineament map and rose diagrams reﬂect the preva-
lence of two main structural trends, N45W and N45E as the
maximum percentage of abundance beside other N-S and E-W
secondary trends.R
ef
le
ct
an
ce
Bands
Figure 19 Spectral signature of diffeThe statistical distribution of the surface fracture trends as
deduced from the rose diagrams of N% and L% in different
sectors together with both total and the major fractures reveal
the followings:
4.3.1.1. NE-SW trend. The NE-SW trend is strongly predomi-
nant among the total fracture in the studied area, especially the
Northeastern, Southeastern and Southwestern Sectors of
Zabara area, which extends nearly parallel to the Qena-
Safaga Trend.
4.3.1.2. NW-SE trend. The NW-SE trend comes in the ﬁrst
order of predominated tectonic trend among the fracture pat-
tern in the studied area. It is strongly represented in all sectors
of the Zabara area, which extends nearly parallel to Najd Fault
System. The azimuth frequency diagrams of the analyzed lin-
eaments for the four domains and the whole area are shown
in (Fig. 23) the lineament map and rose diagrams reﬂect.
4.3.1.3. N-S trend. The N-S trend is a predominant trend
among the total fracture in the studied area, especially the
Northwestern, Southeastern and Southwestern Sectors of
Zabara area, which extends nearly parallel to the Hamisana
shear zone (East African).rent rock units in the study area.
Figure 20 Geological map of the Wadi Ghadir-Gabal Zabara area {Modiﬁed after El-Bayoumi (1980), Conoco (1987), Hassan (1998)}.
Table 3 Confusion matrix of User’s and producer’s accuracies and Kappa coefﬁcient of the supervised classiﬁcation image of the
study area.
G
gniess
Serpen Talc
carb
M
G
Mv Y. G Gabbro O G Melange Q Total User’s accuracy
(%)
G gneiss 21204 2 0 3 413 2350 205 21 20 34 24,249 87.44
Serpen 16 4409 10 12 4 1 27 853 1151 444 6915 63.76
Talc carb 456 0 2501 43 2678 17 376 1 10 3 6042 41.39
M G 20 0 34 5647 42 434 545 3 5 4 6734 61.65
Mv 874 1 107 0 9881 83 956 36 57 45 12,040 82.07
Y G 1220 15 0 44 84 13,396 557 552 41 77 15,942 84.03
Gabbro 1297 14 5 2 913 5678 18,809 76 441 213 27,446 68.53
O G 43 70 48 23 150 1084 269 13455 192 344 15,655 85.95
Melange 22 717 4 5 104 134 927 4297 6739 1043 13,987 48.18
Q 85 14 5 9 19 246 296 368 32 9345 10,410 89.77
Total 25217 5242 2680 5788 14,246 22,989 22,422 19,659 8683 11,548 13,2686
Producer’s accuracy
(%)
84.09 84.11 93.32 97.5 69.36 65.27 83.89 68.44 77.61 80.92
Overall accuracy 75.17% Kappa coeﬃcient 0.7131
Utilization of ETM+ Landsat data in geologic mapping 3554.3.1.4. E-W trend. The E-W trend is recorded among the total
as well as in all sectors of the Zabara area, which extends
nearly parallel to the (Idfu – Marsa Alam) trend.
4.3.2. Detection of major structures
Digital processing of ETM+ images have been approved and
checked in four selected structural elements in the study area to
understand its ability to discriminate different structural ele-
ments from each other. The results show that the proposed
PC is more accurate and very helpful in the identiﬁcation
and discrimination between different rock units from each
others as well as the variation in the same rock unit. Conse-
quently, the PC techniques are useful in detection and recogni-
tion of the different structural elements in the study area.Four regions have been studied in the study area, including
the thrust zone, right strike-slip faults, and anticline and syn-
cline folds (Fig. 24).
4.3.2.1. Thrust faults. Thrust faults are the ﬁrst most
important structural elements that play a great role in the
deformation history of the study area. They are dominating
in the western and central parts of the study area and may
preserve some structural features from the collision events.
The ETM+ FCC image 7, 5, 1 in (R, G and B)
respectively (Fig. 25A), was found to be useful for rock dis-
crimination on the two of the fault plane. (Fig. 25B, C).
The discrimination between the Zabara gneisses (foot-wall)
in the western side of thrust fault plane and the ophiolites
Figure 21 Geological map Wadi Ghadir-Gabal Zabara area after Conoco (1987).
Figure 22 Lineaments map of the study area, as digitally extracted from Landsat (ETM+) images.
356 M. Kamel et al.
Figure 23 Rose diagrams of the lineaments in Wadi Ghadir – Gabal Zabara area.
Figure 24 Principal component image developed by bands 2, 1 and 4 in RGB of the study area and the four selected regions for detailed
analysis.
Utilization of ETM+ Landsat data in geologic mapping 357me´lange rocks (hanging-wall) in the eastern side of thrust
fault plane is clear.
Based on ﬁeld observation the fault trace varies in direction
from NNW in the north to N in the south. It dips steeply
(40–80) toward ENE in the northern part and toward E in
the southern part. In addition, this area may represent the
region of mylonite where the thrust zone extend for 16 kmalong the entire length of the belt and separates the Wadi
Ghadir from Gabal Zabara.
4.3.2.2. Strike-slip faults. The false color composite PC (2, 1
and 4) image has been used to detect two main NE strike slip
faults in the study area (Fig. 26A). Two major excellently
exposed large-scale dextral strike-slip faults are recorded.
A 
Ophiolites mélange 
Gabel Zabaragranite-gneiss 
B 
Serpentinites 
Zabaragranite-gneiss 
C 
Figure 25 (A) A Landsat 7 ETM+ false color composite image (bands 7, 5, 1 in R, G, B) of thrust fault. (B) and (C) Field photograph
showing thrust fault zone.
358 M. Kamel et al.The amount of the relative horizontal displacements along the
strike-slip faults about 430 m and showing a dextral sense of
movement, while the width of fault zones differs from one site
to another according to intensity and coherence of the
deformed rocks.
Fault rocks associated with the strike-slip fault in the ﬁeld,
the red conglomerate being transformed in fault gouge are rare
within the zones of the faults, while the fault core is composed
of several meters of cataclasites and fault gouge foliation and
shear surfaces that indicate a dextral sense of shear
(Fig. 26B). The best slickenside record usually comes on both
sides (Fig. 26C), which are generally more fractured than the
overlying rocks and where, fault planes more frequently show
mineral ﬁbers or striated coatings.4.3.2.3 – Folds 
A 
Figure 26 (A) PC2, PC1 and PC4 (R, G, B) image showing dext
photograph of sigma-type porphyroclast showing right lateral sense
slickensides on a dextral strike-slip fault.4.3.2.3. Folds. El Beda anticline: The shape of this fold is an
oval domal shape with the axial plane generally trends into
NW and dip steeply to NE, width of this fold is 4.5 km. A
combination of principal component combination of band
PC2, PC1 and PC4, is used to distinguish late tectonic gabbro
pure magenta color from the me´lange, which improves most of
the important features (Fig. 27). This combination is the best
principal component composite established to discriminate
the late tectonic gabbro clearly.
Syncline fold: Large-scale syncline fold is located in the
southwestern part of the study area (Fig. 28A). The fold is
characterized by semi-elliptical shape, this fold is indicated
by subhorizontal (plung 10 NNW) while the axial plane of
this fold trend generally NW-SE and dip steeply toward NE,B 
C 
ral dislocation along strike-slip faults the study area. (B) Field
of deformation. (C) Field photograph showing nearly horizontal
Figure 27 Landsat image PC2, PC1 and PC4 of El Beda fold in
the Ghadir area.
Utilization of ETM+ Landsat data in geologic mapping 359with interlimb angle of 35. The synclinal structure is com-
posed of the me´lange rock type. In this area the form-lines
show complicated structural features; several fold systems
are associated with major fold (Fig. 28B).
Most folds are asymmetric to overturned; axes orientations
of mesoscopic folds associated with large syncline fold show
NW-SE in trend. This is especially evident if only mesoscopic
folds associated with major syncline fold. The southwestern
part of the image is characterized by pencil structures.
5. Conclusion
The present paper deals with the geology, remote sensing and
structural analysis of the basement rocks at Zabara – Ghadir
area, Central Eastern Desert of Egypt.
Digital processing of Landsat ETM+ images for the study
area generated several products such as true color image
(3, 2, 1 in RGB), false color composite image (7, 4, 2 and 7,Figure 28 (A) Landsat image PC2, PC1and PC4of syncline fold in
associated with major syncline fold.5, 1 in RGB), principal component image (PC2, PC1, PC4 in
RGB) and band ratio images (5/1, 3/2, 7/2) (3/1, 4/2, 5/7)
and (5/3, 4/2, 3/1) in RGB and multispectral classiﬁcation.
Landsat ETM+ true color image is an image similar to
that seen or perceived by the human eyes. False color compos-
ite image bands (7, 4, 2 and 7, 5, 1 in RGB) are suitable for
delineating regional structure and provide an excellent base
for geological mapping. Principal component analysis was
concluded on Landsat ETM+ data of the study area to pro-
duce (PC2, PC1 and PC4) in RG B respectively. Discrimina-
tion between different rock types is easily applied, where
there are high contrasts between the different rocks in PC
images. Ratio image (5/1, 3/2 and 7/2 in RGB) was used to dif-
ferentiate between serpentinites and different rock types.
Another ratio image (3/1, 4/2 and 5/7 in RGB) was used to
separate between syn-tectonic granite and late tectonic granite,
whereas the late tectonic granite is displayed a yellowish green
color, syn-tectonic granite shows pale green color. The color
ratio composites of (5/3, 4/2 and 3/1) in RGB have been used
in the present study to discriminate between the talc-carbonate
rocks from the granite rocks, the talc-carbonate rocks exhibit
light orange color while the granite rocks are cyan color.
Image processing and interpretation were used to produce a
geological map that was used as a base map during the subse-
quent ﬁeldwork.
Lineaments are digitally delineated on Landsat
ETM+ images, analyzed and interpreted. The ﬁrst prevailing
lineament set follows the direction ranging between N40-50E
which extends nearly parallel to the Qena-Safaja trend gener-
ally coincides with the transverse fracture direction crossing
the Arabian-Nubian Shield and the Red Sea structure. The
second predominant lineament set trends between
N40-50W which extends nearly parallel to the Najd Fault
System (NFS) in the Arabian-Nubian Shield and the Red
Sea tectonic trend. The N-S and E-W trends come in the third
order of predominance which runs nearly parallel to Hamisana
shear zone and Idfu – Marsa Alam trend respectively.the study area. (B) Field photograph showing mesoscopic folds
360 M. Kamel et al.Remote sensing, ﬁeld observations and structural studies
revealed that the area under consideration was differentiated
into two main structural units, the lower unit is largely com-
posed of gneisses and the upper unit is composed of ophiolites
me´lange. These rocks are intruded by syn-tectonic granite, late
tectonic gabbro, late tectonic granite and dykes. Accordingly,
modiﬁed geologic map of Wadi Ghadir and Gabal Zabara
area scale 1: 100,000 was elaborated and shows a lot of mod-
iﬁcations introduced to the published maps of the area.
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